Background: Contemporary data remains limited regarding mortality and major adverse cardiac events (MACE) outcomes in patients undergoing PCI for different manifestations of coronary artery disease.
Introduction
Percutaneous coronary intervention (PCI) has become the revascularisation therapy of choice in patients with both stable coronary artery disease and acute coronary syndromes. During the past few decades, multiple randomised controlled trials have been undertaken to assess the efficacy of both pharmacological, stent technology and adjunctive device developments on morbidity and mortality in both stable and acute coronary syndrome subgroups of patients [1, 2] . However, despite this, contemporary data remains limited regarding mortality and major adverse cardiac events (MACE) outcomes when comparing across the spectrum of patients with different indications for PCI in a ''real-life'' setting.
For example, similar in-hospital mortality rates have been described in non ST-elevation myocardial infarction (NSTEMI) and ST-elevation myocardial infarction (STEMI) in some studies [3, 4] whilst others have reported higher mortality rates amongst patients with STEMI [5, 6] . In the longer term, some studies have suggested that the prognosis was worse in STEMI as compared to NSTEMI [7] . Other studies have reported the opposite in the long term [6] and only few studies have compared the outcome of these patient groups to those undergoing elective PCI [6] . Studies that have compared outcomes between STEMI and NSTEMI cohorts are often difficult to interpret since a significant proportion of NSTEMI patients may not have received revascularisation in these studies whilst the majority of patients presenting with STEMI do [4, 7] . Furthermore, in those studies bare-metal stent (BMS) and drug eluting stent (DES) usage which is known to influence MACE rates varies significantly amongst stable and acute coronary syndrome subgroups of patients [3, 8] . This could further impact outcomes when comparing across the spectrum of patients with different indications for PCI in a ''real-life'' setting.
We have therefore evaluated early and late mortality and MACE outcomes in patients who have been treated with PCI for STEMI, NSTEMI and stable angina in an all-comer population through analysis of data derived from a large prospective multicenter study conducted in 125 centres across Europe and Asia using only DES -the Nobori-2 study.
Methods

Study Design and Patient Population
Nobori 2 is a prospective, multicenter study conducted in 125 centres across Europe and Asia to investigate the performance of the Nobori DES system in an all-comers clinical setting [9] with the only exclusion criterion used being the patient's refusal or inability to provide written informed consent. All patients that had at least one Nobori DES implanted or attempted were included in the analysis. All patients signed informed consent form reviewed and approved by the Institutional Review Board or Ethics Committee of each participating centres. Outcomes were stratified by indication for PCI; Stable Angina, NSTEMI and STEMI. Patients presenting with unstable angina were pooled with the NSTEMI cohort.
Outcomes and Study Definition
ACS was defined as typical symptoms with ischemic electrocardiographic changes including ST-segment elevation and non-ST-segment elevation and/or laboratory evidence of myocardial damage. All clinical, demographic and outcome data were collected into a Web-based data management system coordinated and analyzed by independent companies (KIKA Medical, Paris, France, and SBD Analytics, Bekkevoort, Belgium, respectively). Clinical follow-up data included the documentation of adverse events, in death, MI, repeat revascularisation, stent thrombosis, bleeding and angina status.
Follow-up was performed at 1 month, 6 months, and 12 months, and yearly up to 5 years. All clinical end points were adjudicated by an independent clinical events committee. Twelvemonth follow-up rate was 97% and at 2-years was 95%. The primary end point was cardiac mortality. MACE were defined as a composite of cardiac death, myocardial infarction (MI) and target vessel revascularization (TVR).
Statistical Analysis
Continuous variables are presented as mean6standard deviation and were compared using the non-parametric tests: the Kruskal-Wallis test to compare multiple groups (.2). All tests were 2-sided. Categorical variables are presented as frequencies and percentages, and were compared using Cochran-Mantel-Haenszel test or Fisher's exact test. Kaplan-Meier estimates were generated, and comparisons of MACE and mortality events were made using log-rank test. Cox proportional hazards regression was used to assess pair-wise hazard ratios (HR) of the 3 subgroups under investigation, either unadjusted (no other covariates) or adjusted for some selected covariates. The censoring time of a patient for these time-to-event analyses was defined as the patient's last observation time, i.e. follow-up or event time. The proportionality assumption for the Cox regression models was tested using the Supremum Test and cumulative score process plots (Cumulative martingale residuals). In case the proportional hazards assumption was violated for the main covariate (ACS status), the covariate was appropriately made time-dependent to maintain proportionality. Data analysis was performed by an independent statistical office (SBD Analytics, Bekkevoort, Belgium), using the statistical software package SAS V8.2 (The SAS Institute, Cary, NC).
Results
The Nobori-2 trial enrolled patients from 125 centres across the world and 1909 patients were included in this analysis. A total of 1332 patients who underwent PCI had a diagnosis of stable angina (69.7%) whilst 577 patients were diagnosed with ACS (30.3%). 248 of the patients with ACS presented with STEMI (43%) whilst 329 patients presented with NSTEMI (57%). Clinical demographics are presented in Table 1 . The patients presenting with STEMI were significantly younger than those presenting with NSTEMI or stable angina and the age adjusted Charlson co-morbidity index was greatest in the NSTEMI cohort and lowest in the stable angina cohort.
Procedural demographics are presented in Table 2 , which demonstrates that the mean number of lesions treated, mean stent length and mean number of stents was similar across all 3 groups. Table 3 illustrates lesion characteristics and QCA analysis of lesions pre-and post-treatment. Lesion characteristics and type were similar across the 3 cohorts studied. Figure 1 illustrates Kaplan-Meier unadjusted survival curves for cardiac death for all 3 cohorts. A statistically significant increase in cardiac death was observed in the NSTEMI cohort compared to the stable angina cohort (unadjusted HR 3.17, 95% CI 1.54-6.53, p = 0.0017) whereas survival was not statistically different the STEMI group compared to the stable angina group (unadjusted HR 0.64 95%CI 0.15-2.78, p = 0.55). Figure 2 illustrates KaplanMeier unadjusted survival curves for MACE for all 3 cohorts. As the proportionality assumption was violated for the Cox model with MACE as outcome, Process Score plots were created. These indicated that a time cut-off around 180 days would reintroduce proportionality. That is, assessing the effects of ACS status before and after 180 days separately (but simultaneously model), will yield valid estimates for each of the time categories, for the ACS status. Similarly, a statistically significant increase in MACE was observed in the NSTEMI cohort compared to the stable angina cohort (unadjusted HR (#180 days) 3.16, 95% CI 1.70-5.96; P = 0.0004) whereas MACE was not significantly different in the STEMI group compared to the stable angina group (unadjusted HR (# 180 days) 5.44 95% CI 0.77-38.67; P = 0.09). Table 4 illustrates mortality and MACE events for the stable angina, NSTEMI and STEMI groups at 30 days, 6 months, 1 year and 2 years. It can be seen that unadjusted 30-day cardiac mortality rates were higher in the NSTEMI and STEMI groups compared to the stable angina cohort (0.91%, 0.40% and 0.08% respectively; P = 0.021), although by two years cardiac mortality was similar in the STEMI and stable angina cohort but remained increased in the NSTEMI group (1.13%, 0.81% and 3.95% respectively; P = 0.0021). Similarly, 30-day unadjusted MACE events were greater in the NSTEMI and STEMI cohorts at baseline (2.4%, 1.6% compared to 0.8% in stable angina cohort; P = 0.039) although by 2 years follow up MACE events were similar in the stable angina and STEMI cohort but remained worse in the NSTEMI group (6.5%, 6.8% and 10.3% respectively; P = 0.048).
Multivariate analysis, using Cox regression, adjusted for clinical demographics and Charlson score for co-morbidity was performed for cardiac mortality and MACE events and this is summarized in Table 5 . This demonstrates that after multivariate adjustment, NSTEMI was independently associated with worse cardiac mortality compared to the stable angina cohort following adjustment of baseline clinical demographics and Charlson comorbidity score, whilst cardiac mortality and MACE were not significantly different in the STEMI cohort when compared to the stable angina cohort.
Discussion
The current analysis was undertaken in patients undergoing PCI for different manifestations of coronary artery disease such as high risk acute coronary syndromes (STEMI and NSTEMI) and stable angina in an all-comer population through analysis of data derived from a prospective multicenter study conducted in 125 centres across Europe and Asia using a single DES platform. The main findings of the study were that cardiac mortality and MACE outcomes of patients following PCI for NSTEMI were significantly worse than patients undergoing PCI for stable angina, even after adjustment for baseline clinical demographics and comorbidities using the Charlson co-morbidity score, whereas longer cardiac mortality and MACE outcomes of patients following PCI for STEMI were similar to those following PCI with stable angina following adjustment for baseline clinical demographics and comorbidities.
To our knowledge this is one of the first studies that has compared short and longer-term outcomes in patients undergoing PCI for different manifestations of coronary artery disease using a single drug eluting stent platform. Previous studies have shown that in-hospital mortality rates have been greater in patients presenting with STEMI than those with NSTEMI [6, 7, 10, 11] whilst other studies have reported similar in-hospital mortality rates [4, 12] . Similarly at 6 years follow up mortality was greater in patients presenting with NSTEMI compared to those patients presenting with STEMI or stable angina in the study of Hirsch et al [6] . Other studies have shown either worse outcomes in NSTEMI cohort [11] [12] [13] or similar outcomes in STEMI and NSTEMI patients on longer term follow up [4] . Interpretation of many of these previous studies is complicated by the observation that they included patients with NSTEMI and STEMI acute coronary syndromes who were managed by both PCI or conservative treatment strategies [4, 7, 12] with significant differences in PCI rates in each respective cohort [4, 7, 12] . Such differences in the respective revascularisation rate amongst NSTEMI and STEMI patients has been shown to have significant implications on longer terms outcomes [7] and so would significantly bias outcomes previously reported for NSTEMI vs STEMI cohorts. Furthermore, interpretation of previous studies comparing outcomes between NSTEMI, STEMI and stable angina cohorts following PCI are complicated by the fact that there were significant differences in DES/BMS use between the cohorts studied which will impact on outcomes [6] . For example, DES use was infrequent in the study of Hirsch et al. [6] (STEMI cohort 1%, NSTEMI 8% and stable angina 11%) with the majority of PCI procedures undertaken with BMS platforms which is not reflective of contemporary PCI practice where use of drug eluting stent platforms are much more widespread.
Our findings of worse cardiac mortality and MACE outcomes associated with patients undergoing PCI for NSTEMI compared to those with stable angina, with similar longer term MACE and mortality outcomes in the STEMI vs stable angina cohorts undergoing PCI is of interest. Whilst patients with NSTEMI undergoing PCI were older compared to both the STEMI and stable angina cohorts, which would in itself lend to worse outcomes in the NSTEMI cohort, the association between NSTEMI and adverse outcomes persisted even after multi-variate adjustment for age. Patients presenting with NSTEMI often have a higher prevalence of cardiovascular and non-cardiovascular co-morbidities compared to patients with STEMI [4, 5, 12, 14, 15] and the presence of such unmeasured confounders has been suggested to contribute to the adverse outcomes associated with NSTEMI in previous studies. We have also confirmed that patients presenting with NSTEMI have a greater prevalence of co-morbid conditions compared to the STEMI and stable angina cohorts as evidenced by the greater Charlson co-morbidity score in the NSTEMI cohort. The Charlson co-morbidity score has been shown to be an important independent predictor of mortality [16] , stent thrombosis and major bleeding [17] in patients undergoing PCI. However, even following adjustment for the presence of comorbidities through inclusion of the Charlson score in our multivariate analysis, NSTEMI was independently associated with worse cardiac mortality. The worse cardiac mortality outcomes associated with NSTEMI may relate to residual confounders that we may not have measured in the older NSTEMI group such as more severe coronary artery disease in non-revascularised areas of the coronary vasculature, greater frailty that is a strong predictor of mortality outcomes following PCI [16] or a greater prevalence of unmeasured co-morbid conditions that are not included in the Charlson co-morbidity score.
Whilst the current analysis provides insights into outcomes of patients undergoing PCI for different manifestations of coronary artery disease such as ACS (STEMI and NSTEMI) and stable angina, the findings of our study are not applicable to patients with stable angina or an ACS who are managed with a non-invasive strategy. Often these patients are more elderly and have significantly more cardiovascular and non-cardiovascular comorbidities and so may have worse outcomes than reported here [7] . Indeed, an invasive PCI strategy was independently associated with a 36% and 49% reduction in 2-year mortality in NSTEMI and STEMI groups in the study of Polonski et al [7] . Secondly, information regarding the medical treatment of patients in the current analysis was not available and so we are unable to comment on adherence to evidence based therapies in these cohorts and so are unable to assess the influence of medical therapy on long-term outcomes. Thirdly, Due to the observational character of this study and the multitude of analyses performed, it was not feasible to adjust for multiple testing. As such, we have supplied nominal p-values, not adjusted for multiple testing. Finally, the possibility of selection bias cannot be excluded, as the patients were not consecutively recruited at the study centres.
In conclusion, current analysis undertaken in patients undergoing PCI for different manifestations of coronary artery disease such as acute coronary syndromes (STEMI and NSTEMI) and stable angina in an all-comer (''real world'') population has shown that NSTEMI presentation is associated with adverse cardiac mortality and MACE.
